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RELATIVELY few studies have investigated the composition of small mammal communities in the arid and semi-arid regions when compared to the large number conducted in more temperate areas. The aim of this study was to describe the composition of the small mammal fauna at a semi-arid site and document aspects of the biology of the species present. In particular, we were interested in investigating the ecology of the southern ningaui (Ningaui yvonneae). This species is part of a genus of small dasyurid marsupials which is found in arid and semi-arid regions of Australia (Strahan 1995) . N. yvonneae was first described in 1983 (Kitchener et al. 1983) , and despite its apparent widespread distribution, virtually nothing is known about its biology. It is generally considered a mallee specialist (Menkhorst and Bennett 1990) , although it has been trapped only sporadically and appears to be patchily distributed within its range. Other species in the genus are also poorly known. Most research on the group has been confined to laboratory based work, including assessments of taxonomy (Archer 1975; Baverstock et al. 1983; Kichener et al. 1983) , thermoregulation (Geiser and Baudinette 1988), reproduction (e.g. Fanning 1982; Kitchener et al. 1986 ) and diet (e.g. Calver et al. 1988; Fisher and Dickman 1993; Carthew 1993, 1996) . The few published field surveys referring to ningauis have been relatively superficial, providing distributional information or largely anecdotal accounts of some aspects of their ecology (e.g. Baverstock and Aslin 1975; Fleming and Cockburn 1979; Johnson and Roff 1980; Dunlop and Sawle 1982; Coventry and Dixon 1984, Bennett and Lumsden 1995) . (Table 1) . Three sites, each separated by ~ 1 km were trapped. These comprised two grids of 49 traps each and one transect of 40 traps. Traps consisted of 25 L buckets, containing a small amount of sand and a piece of PVC pipe (~ 4 cm diameter, 12 cm length) to act as a refuge for animals. Traps were spaced 15 m apart on the two grids, and each grid covered an area of approximately 1 ha. Each trap was fitted with a permanent, 7 m long aluminium flywire drift-fence. The transect was comprised of 40 traps, spaced 10 m apart, with drift fence running the entire length (approximately 400 m). This fence was removed between trapping sessions. Lids were placed on buckets when not in use. All mammals captured were sexed, weighed and marked using toe clipping. Male testes width was measured, and breeding condition was noted for females (i.e., whether or not they had pouch young or were lactating). Animals were classified as juveniles or adults, depending on their size and appearance. All were released at the site of capture. Mann-Whitney tests were used to compare mean distances moved between recaptures for males and females and short-versus longer-term movements. A non-parametric test was used as data did not follow a normal distribution.
METHODS

This study was conducted in the Middleback
RESULTS
A total of 291 small mammals were captured during 6579 trap nights ( (Table 1) . Trap success also varied between sites, and tended to be higher at the transect site (6.7% compared to 3.3% for the combined grid sites).
Ningaui yvonneae was by far the most commonly caught species, with 160 individuals recorded from 199 captures. It comprised 68% of all captures, and was caught during all sampling periods. However trappability did vary over time, from less than one capture per 100 trap nights to 14 captures per 100 trap nights (Table 1) . Males were trapped more often than females, with 117 males captured compared to 43 females (Fig. 1) . Both females and males were much more likely to be caught in September and October during the breeding season (see below). At this time, trap success was 1.4% for females (compared to 0.8% overall) and 4.0% for males (compared to 2.2% overall).
The second most commonly captured species was C. concinnus (75 captures). This species was first captured at the study site in January 1992 (on the fifth sampling period), and was recorded again in September 1993, when it was abundant (57 captures; Table 1 ). Numbers of male and female C. concinnus captured were similar (31M : 24F). Recapture rates for N. yvonneae and C. concinnus were low. Only eight of a total 160 N. yvonneae individuals were caught during more than one sampling period (i.e. 5%). All of these were males. Of these, two animals were caught during three sampling periods. Recapture rates within sampling periods were also low, with only 12% of males (14 from 117 individuals) and 16% of females (seven fom 43 individuals) being recaptured. Each recaptured animal was caught an average of 1.2 times (range one to four). No C. concinnus were captured during more than one sampling period. However, 29% (14 from 38) of individuals were recaptured more than once during a particular sample period, and each animal was caught an average of 1.5 times (range 1 -4).
Distances moved between successive captures were pooled for transects and grids, because of small sample sizes. Short-term movements (i.e., over 1 -4 days) of N. yvonneae ranged from 0 -190 m for females and 0 -370 m for males (Table 2) , although the means were not significantly different (Mann Whitney; U (2),8,17 = 76, P > 0.1). Males moved significantly further between sampling periods than within sampling periods (U (1), 11,17 = 131, P < 0.05). This occurred because several animals moved between trapping sites. No females were caught during more than one sampling period. For C. concinnus, the mean distance moved between recaptures within a sampling period was 55.9± 8.5 m for males (range 0 -130 m; n = 17), and 50.3 ± 13.5 m for females (range 10 -67 m; n = 4). The mean body weights of all N. yvonneae measured are given in Table 3 . Weights were pooled across years, as visual inspection of the data showed little variation. During May and July, the trappable population of animals consisted entirely of subadults, all weighing less than 10 g (range 5.7 -9.9 g). By September, weights had increased markedly, and all animals were considered adults. The heaviest males were captured in October (range 9.7 -12.9 g), while the heaviest females without pouch young were captured in September (range 8.0 -12.0 g). For C. concinnus, weights were only recorded during October 1994. At this time the mean weight of females was 10.7 ± 1.1 g (n = 6), while the mean for males was 12.3 ± 1.1 g (n = 4).
Distance moved
Mating in N. yvonneae appeared to occur primarily in September, and was actually observed in the field on several occasions. During this time, animals were extremely active, both during the day and at night, and it was not uncommon for more than two animals to be caught together in a single trap. Ningaui yvonneae scrotal widths (pooled across years) varied from a low of 6.8 ± 0.3 mm in December, to a high of 8.8± 0.6 mm in September when animals were mating (Table 4) . Six records of females with pouch young were obtained during the study. All of these animals were captured between November and late December ( 
DISCUSSION
Six species of small mammals were detected in the community investigated here. However, N. yvonneae was the only species to be captured regularly and in reasonable numbers. In contrast, the other species were quite ephemeral, although C. concinnus did build up in numbers towards the end of the study. Thus the community appeared to consist essentially of a single species much of the time.
Community structure is quite variable from one region to another in semi-arid and arid regions of Australia. Morton et al. (1994) reviewed a large body of mostly unpublished data from arid-zone surveys, and showed that the number of species detected per site ranged from zero to eight, with a median of two. In that review, 64% of sites had between two and six species, while only 2% of sites had more than six species. Similarly, Menkhorst and Bennett (1990) assessed survey data from 13 regions in mallee areas of southern Australia. The number of dasyurid species recorded per region ranged from one to four, while the mean number of all small mammal species per region was 3.6 (although this did not necessarily mean that the species were actually co-existing). One region in Western Australia recorded only a single species, a dasyurid. They concluded that with a few exceptions, mammal species diversity in these areas is low. Data from some more recent studies is given in Table 6 . In these, the number of species recorded ranges from four in north west NSW to 13 in the goldfields of Western Australia. Three out of eight sites contained more than six species, with a mean of 3.6 dasyurid species and an overall mean of 7.25 species. In contrast to the present study, most of those cited in Table 6 had at least several species which were equally as common. Thus it seems that the largely single species community apparent in the present study is fairly unusual, particularly considering the relatively undisturbed nature of the immediate surroundings.
We do not know why N. yvonneae seems to form a single species community in this area. Moreover, we do not know how common this finding is, since there have been few published community-wide studies. In several instances, Ningaui spp. has been recorded with as many as eight other species, often as a minority (see Coventry and Dixon 1984; Calver et al. 1988; Masters 1993; Whisson 1995) . In contrast, in the Pilbara region, N. timealeyi was recorded as the most common mammal in the area (although other species were not mentioned; Dunlop and Swale 1982) . Interestingly, Bennett (pers. comm.) often found N. yvonneae by itself in mallee-Triodia habitats of the Sunset Country in Victoria. In contrast, N. yvonneae occurred as a minority with other species in more shrubby habitats of the region. It would be interesting to trap in other regions containing mallee and Triodia, to see if this is a general phenomenon, and to investigate the reasons behind the apparent single species community. This is the first published study to capture N. yvonneae regularly and in reasonable numbers. Several previous studies that have recorded members of the genus have found it to be uncommon (e.g. Masters 1993), or have been of a short duration, precluding the collection of detailed ecological data (e.g. Dunlop and Swale 1982) . Indeed, there is a general paucity of knowledge on the ecology of many Table 6 . Numbers of species in small mammal communities of semi-arid and arid regions in Australia. Trap types: P Pitfall bucket, E Elliott aluminium or S Sherman. * These studies were based on multiple trapping sites, and did not sample a single community.
mammal species inhabiting arid and semi-arid regions, and this is particularly true for many of the small dasyurids. Exceptions to this are some members of the genera Sminthopsis, and Planigale for which there have been a few detailed studies (e.g. Morton 1978; Read 1984; Friend et al. 1997) . This lack of information is in part because relatively few studies have been conducted in these regions. In addition, small mammals such as dasyurids are often not captured during surveys, or else capture rates are very low, particularly in comparison to those of reptiles (e.g. Read 1992; Hobbs and James 1999) . This may be due to low abundances of such species, their cryptic nature, or because populations are transient.
Overall trapping success in the present study was low (4.4%), but comparable to other arid and semiarid communities, where success has usually been less than 10% (Morton and Baynes 1985) , and sometimes as low as 1% (e.g. Bennett et al. 1989; Briggs 1996; Moseby and Read 1998) . In the present study, N. yvonneae were captured during every sampling period, and while capture rates varied between one and 14 animals per 100 trap nights, these fluctuations were not large. In contrast, a number of studies on desert rodents have found large fluctuations in numbers, with up to 100 fold differences over time (e.g. Masters 1993 ). This has normally been linked to rainfall patterns or other environmental variables (e.g. Masters 1993; Predavec 1994; Predavec and Dickman 1994; Southgate and Masters 1996) . Similar evidence for dasyurids is scant, for reasons mentioned above, but numbers do not appear to fluctuate widely like rodents (Read 1992; Masters 1993) , and it is likely that other cues may be more important.
Low recapture rates appear to be common in studies of arid small mammals (e.g. Predavec 1994, but see also Moseby and Read 1998) . This has mostly been attributed to the mobility of species, with several species showing a high level of mobility. Some animals have been documented moving up to 14 km over a relatively short period of time (Dickman et al. 1995) . In the present study recapture rates of the two most common species were quite low, with each animal being caught on average less than twice. Moreover, recapture rates between trapping periods were less than half that of within trapping periods for N. yvonneae. This could indicate high mobility or may suggest a high level of mortality, although it is not possible to assess the cause at this stage.
Low recapture rates made it difficult to adequately assess movement patterns. In addition, the layout of trapping stations was not designed to record long distance movements, with an increased chance of recapturing less mobile individuals in the population. Despite this, results suggest that while some individual N. yvonneae in the population may be relatively sedentary, others may be quite transient and/or mobile. An alternative explanation is that animals have drifting home ranges, as has been suggested for S. crassicaudata and P. gilesi (Morton 1978; Read 1984) . In the present study, animals that were recaptured within a sampling period moved on average less than 100 m, while between period movements of males were more than 400 m. Some long distance movements were also recorded, with one of greater than 2 km. Clearly it would be useful to employ tracking techniques to directly follow the movements of animals, over both the short and long term. However the technical difficulties of working with such a small animal would need to be overcome first. MASTERS P, 1993. The effects of fire-driven succession and rainfall on small mammals in spinifex grassland at Uluru National Park,
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